This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

. SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

. BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
. GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 

As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



THIS PAGE BLANK (uspto) 



♦ 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
27 December 2002 (27.12.2002) 




PCT 



(10) International Publication Number 

WO 02/102399 A2 



(51) International Patent Classification 7 : A61K 38/00 

(21) International Application Number: PCT/DK02/00395 

(22) International Filing Date: 13 June 2002 (13.06.2002) 

(25) Filing Language: English 

(26) Publication Language: English 

(30) Priority Data: 

PA 2001 00927 14 June 2001 (14.06.2001 ) DK 

PA 2002 001 65 4 February 2002 (04.02.2002) DK 

(71) Applicant: NOVO NORDISK A/S [DK/DK]; Novo Alle. 
DK-2880 Bagsvaerd (DK). 

(72) Inventors: THIM, Lars; 22 Skiftevej, DK-2820 Gentoftc 
— ^ (DK). POULSEN, Steen, Seier; 128 R0glevej, DK-3450 
= A I lewd (DK). 

== (81) Designated States (national): AE, AG, AL, AM, AT, AU, 
^ A/, HA, BB, BG, BR, BY, BZ, CA T CM, CN, CO, CR, CU, 



CZ, DE, DK, DM, DZ, EC, EE, ES, Fl, GB, GD, GE, GH, 
GM, MR, HU, ID, 1L, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK, LR, LS, LT, LU f LV, MA, Ml), MG, MK, MN, MW, 
MX, MZ, NO, NZ, OM, PI I, PL, PT, RO, RU, SD, SE, SG, 
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN, 
YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ,TM), 
European patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, 
GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), OAPI patent 
(BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, MR, 
NE, SN, TD, TG). 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



< 

ON 
On 



Q (54) Title: MUCOSAL REPAIR BY TFF2 PEFITOES 
^ (57) Abstract: A trefoil factor peptide. 



BNSDOCID; <WO 02102399A2J_> 

I 



WO 02/102399 



1 



PCT/DK02/00395 



MUCOSAL REPAIR BY TFF2 PEPTIDES 



10 



15 



20 



25 



30 



FIELD OF THE INVENTION 

The present invention relates to the use of trefoil factor 2 (TFF2) peptides and a 
pharmaceutic*, composition comprising TFF2 peptides for increasing the viscosity of mucin 
■n mucus .ayers and the repair of damaged mucus .ayers in the gastrointestina. tract (mouth 
oesophagus, stomach, small and large intestine, colon) the respiratory passages, the eye ' 
the unnary system (including the bladder) and the cervis uteri. 

BACKGROUND OF THE INVENTION 

Mammalian trefoil factors (TFFs) constitute a group of three peptides (TFF1 TFF2 
and TFF3) wide.y distributed in the gastrointestinal tract. These peptides are characterised 
by containing one (TFF1 and TFF3) or two (TFF2) trefoil domains. A trefoi, domain is defined 
as a seguence 0 f 38 or 39 amino acid residues in which six cysteines are disu.phide-.in k ed in 
a 1-5. 2-4 and 3-6 configuration. The trefoi. peptides are expressed in the gastrointestina. 
tract ,n a fssue specific manner. In humans TFF1 and TFF2 are expressed in mucus pro- 
ducing cm in the stomach and duodenum, whereas TFF3 is primarily expressed in goblet 
cells ,n the small and .arge intestine, .n the case of gastric u.ceration or inflammatory bowe. 
disease the expression of trefoi, peptides is highly upregu.ated. This suggest that trefoi. pep- 
t-des may have a repair functjQn for damages jn ^ gastrojn(estjna| trgct ^ ^ 

ra..y occurring healing factor, The importance of TFFs for norma, mucosa, function have 
abo been investigated by two gene knock-out studies in which the genes encoding TFF1 
and TFF3. respective,y. were deteted by gene-targeting techniques. The TFF3 knock-out 
m,ce had impaired mucosa, hea.ing and died from extensive colitis after ora. administration 
of dextran sulphate a situation that cou.d be circumvented by .umina. administration of re- 
combinant TFF3. Although several studies have documented a protect or hea.ing effect of 
t o,, peptides in gastric uiceration and colitis models the detailed mechanism of action is 
still largely unknown. 

The Coning of rat and human singte-domain TFF3 (ITF) and the use of this peptide in 
the treatment of gastrointestina, injury is described in WO 92/14837. 

Internationa, patent application WO 94/17102 and US patent 5.783 416 relates to 
human TFF2 peptides in glycated form, variants thereof and a method of producing 
TFF2 peptides in glycosylated form. 

peptides lntemati ° nal P3tent aPP ' iCati0n DK01 '°08H relates to g^cosylated Lys99-TFF2 
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DESCRIPTION OF THE INVENTION 

The present invention relates to the use of human TFF2 peptides for improving 
Theological properties of mucin solutions. TFF2 peptides have by the present inventors been 
found to increase the viscosity and elasticity of different mucins solutions, which are corre- 
5 lated to physiological and pathophysiological conditions. 

The present invention discloses the mechanism by which the TFF2 peptides exerts 
their biological activity, which are documented by a direct effect of TFF2 peptides on the vis- 
cosity and elasticity of mucin solutions. The TFF2 peptides significantly increases the viscos- 
ity of mucin solutions. The net effect is an increase in the viscosity of several times and can 
10 be visualised by the fact that the liquid mucin solution is converted into a more viscous gel- 
like substance. 

When expressed in yeast TFF2 peptides are secreted in a glycosylated and a non- 
glycosylated form. The glycosylated form generates more viscous gel-like structure as com- 
pared to the non-glycosylated. 

15 The TFF2 peptides have by the present inventors been found to be usefull for in- 

creasing the viscosity and elasticity of mucus layers, which can be used in the treatment of 
many different indications, where abnormalities in existing mucus layers are present. The 
advantage over known therapies is that treatment with TFF2 peptides represent a specific 
treatment at the site of injury without major side effects. 

20 For local and luminal applications TFF2 peptides can increase the viscosity and 

elastic properties of mucin in mucus layers, which may be usefull in many different indica- 
tions: 

1 ) For the treatment of the oral mucosa. TFF2 peptides may be given alone or to- 
gether with mucus-like preparations to patients with reduced secretion of saliva caused by 

25 irradiation therapy, treatment with anticholinergics or in patients with Sjogrens syndrome. 

2) For increasing the viscosity of nasal secretions in rhinorrhoea in common cold or 
allergic rhinitis. Protection of the mucosa of respiratory tract following accidental inhalation of 
irritants, gases, dusts or fumes. 

3) For protection of the distal part of the oesophagus against acid secretions from 
30 the stomach in reflux oesophagi's, hiatus hernia, Barrets oesophagus. 

4) For the protection of the stomach against acute stress induced gastric ulcers 
secondary to trauma, shock, large operations, renal or lever diseases, or gastritis caused by 
treatment with aspirin or other NSAIDS, steroids or by alcohol. 

5) For the treatment of acute or prolonged diarrhoea by increasing the viscosity of 
35 the intestinal secretions. 
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6) For the protection of the small intestinal and colonic mucosa in Crohns disease, 
ulcerative colitis or irritable bowel syndrome. 

7) In eye droplets to increase the viscosity of lacrimal fluid in patients with kerato- 
conjunctivitis sicca/Sjogren's syndrome or "dry eyes" for other reasons. 

8) Local application especially in the knee joints to increase the viscosity of the 
synovial fluid in osteoarthritis and following joint replacement. 

TFF2 peptides may also be used for parenteral applications: 
Parenteral TFF2 is taken up by cells associated with stem cells in the gastrointesti- 
nal tract. It can be used for protection of the stomach against stress-induced damage and 
the stomach and intestine against damage following irradiation or chemotherapy or in the 
treatment of acute excerbations in ulcerative colitis, irritable bowel syndrome or Crohn's dis- 
ease. Injected TFF2 is excreted intact in urine and may increase the defence mechanism of 
the urinary bladder by binding to the layer of mucopolysaccharids that coat the urothelium 
and thereby interfere with the adherence of bacteria in chronic bladder infections, in patients 
with catheter or interstitial cystitis, or interfere with the binding of urinary growth factors in 
papillomas or cancer of the bladder. 

In a first aspect, the present invention relates to a pharmaceutical composition for 
increasing the viscosity of mucus layers in mammals, the composition comprising a TFF2 
peptide or a pharmaceutical^ acceptable salt thereof; with the proviso that the TFF2 peptide 
20 is not glycosylated Lys99-TFF2. 

By TFF2 peptides" or "a TFF2 peptide" is meant a protein that is substantially ho- 
mologous to human TFF2. herein also denoted Lys99-TFF2 (Fig. 1). An example within this 
definifion is the Asn99-TFF2 variant. Both Lys99-TFF2 and Asn99-TFF2 may be glycosy- 
lated at the Asn15. The term TFF2 peptides also includes analogs of naturally occurring 
TFF2 peptides. Analogs can differ from naturally occurring TFF2 by amino acid sequence 
differences or by modifications that do not affect sequence, or by both. Analogs of the inven- 
tion will generally exhibit at least 70%, more preferably 80%. more preferably 90%, and most 
preferably 95% or even 99%, sequence identity with a naturally occurring TFF2 sequence 
The term "glycosylated Lys99-TFF2". as used herein, means the TFF2 peptide accord- 
30 mg to figure 1 , which is glycosylated at the Asn 1 5. 

Modifications include in vivo, or in vitro chemical derealization of polypeptides, e.g.. 
acetylation. or carboxylation. Also included are modifications of glycosylate, e.g., those 
made by modifying the glycosylate patterns of a polypeptide during its synthesis and proc- 
essing or in further processing steps, e.g., by exposing the polypeptide to enzymes that af- 
fect glycosylate derived from cells that normally provide such processing, e.g.. mammalian 
glycosylate enzymes. Also embraced are versions of the same primary amino acid se- 
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quence that have phosphorylated amino acid residues, e.g., phosphotyrosine, phosphoser- 
ine, or phosphothreonine. 

In addition to substantially full-length polypeptides, the term TFF2 peptide, as used 
herein, includes biologically active fragments of the polypeptides. As used herein, the term 
5 "fragment," as applied to a polypeptide, will ordinarily be at least 10 contiguous amino acids, 
typically at least 20 contiguous amino acids, more typically at least 30 contiguous amino ac- 
ids, usually at least 40 contiguous amino acids, preferably at least 50 contiguous amino ac- 
ids, and most preferably at least 60 to 80 or more contiguous amino acids in length. The abil- 
ity of a candidate fragment to exhibit a biological activity of a TFF2 peptide can be assessed 
10 by methods known to those skilled in the art. Also included in the term "fragment" are bio- 
logically active TFF2 peptides containing amino acids that are normally removed during pro- 
tein processing, including additional amino acids that are not required for the biological activ- 
ity of the polypeptide, or including additional amino acids that result from alternative mRNA 
splicing or alternative protein processing events. 
15 A TFF2 peptide, including a fragment, or analog is biologically active if it exhibits a 

biological activity of a naturally occurring TFF2, e.g., the ability to alter viscosity or elasticity 
of mucin in mucus layers in a mammal. 

The term "glycosylation", as used herein, means the post-translational modification 
of a peptide, wherein a carbohydrate molecule is covalently attached to the peptide. The gly- 
20 cosylation may take place in a eucaryotic host cell, such as a yeast cell or it may be done by 
chemical linkage in vitro after production of the peptide in a cell, e.g. the peptide could be 
produced in a bacteria and glycosylated in vitro afterwards. 

In a second aspect, the present invention relates to the use of a TFF2 peptide for 
the preparation of a medicament for increasing the viscosity of mucus layers in mammals; 
25 with the proviso that the TFF2 peptide is not glycosylated Lys99-TFF2. 

In a third aspect, the present invention relates to a method for in vivo increase in vis- 
cosity of mucus layers in a subject, the method comprising administering to the subject a 
composition comprising 

a) a pharmaceutical^ acceptable carrier or diluent, 
30 b) a therapeutically effective amount of a TFF2 peptide; with the proviso that the TFF2 
peptide is not glycosylated Lys99-TFF2, 
and optionally 
c) a mucin glycoprotein preparation, 
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In another aspect, the present invention relates to the use of a TFF2 peptide for the 
treatment of conditions with increased viscosity of mucus layers in mammals; with the proviso 
that the TFF2 peptide is not glycosylated Lys99-TFF2. 

The term -treatment", as used herein, means the administration of an effective 
amount of a therapeutically active compound of the invention with the purpose of preventing 
any symptoms or disease state to develop or with the purpose of curing or easing such 
symptoms or disease states already developed. The term "treatment" is thus meant to in- 
clude prophylactic and protective treatment The symptoms or disease state includes but is 
not limited to diseases, e.g. gastric ulcers or asthma, inherited biological disorders or condi- 
t.ons induced by damaging by external stimuli, e.g. Inhalation of toxic or acidic chemical. 
In one embodiment of the invention, the mammal is human. 

In another embodiment the present invention relates to a pharmaceutical composi- 
tion for local application. 

In a further embodiment the present invention relates to a pharmaceutical composi- 
1 5 tion for luminal application. 

In a further embodiment the present invention relates to a pharmaceutical composi- 
tion for parenteral administration. 

In a further embodiment the present invention relates to a pharmaceutical composi- 
tion for oral administration. 

In a further embodiment the present invention relates to a pharmaceutical composi- 
tion further comprising a mucin glycoprotein preparation. 

In a further embodiment the present invention relates to a pharmaceutical composi- 
tion for the treatment of oral mucosa. 

In a further embodiment the present invention relates to a pharmaceutical composi- 
te for the treatment of patients with reduced secretion of saliva. In one embodiment, the 
reduced secretion of saliva is caused by irradiation therapy, treatment with anticholinergics 
or Sjogrens syndrome. 

In a further embodiment, the present invention relates to a pharmaceutical composi- 
tion for the treatment of patients receiving irradiation therapy. 

In a further embodiment, the present invention relates to a pharmaceutical composi- 
tion for the treatment of patients treated with anticholinergics. 

In a further embodiment, the present invention relates to a pharmaceutical composi- 
tion for the treatment of patients with Sjogrens syndrome. 

In a further embodiment the present invention relates to a pharmaceutical composi- 
tion for the treatment of the respiratory passages. 
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In a further embodiment the present invention relates to a pharmaceutical composi- 
tion for increasing the viscosity of nasal secretions in rhinorrhoea in common cold or allergic 
rhinitis. 

In a further embodiment, the present invention relates to a pharmaceutical composi- 
5 tion for the treatment of patients with common cold. 

In a further embodiment, the present invention relates to a pharmaceutical composi- 
tion for the treatment of patients with allergic rhinitis. 

In a further embodiment the present invention relates to a pharmaceutical composi- 
tion for the treatment of the respiratory tract. 
10 In a further embodiment the present invention relates to a pharmaceutical composi- 

tion for the treatment of the respiratory tract following accidental inhalation of irritants. 

In a further embodiment the present invention relates to a pharmaceutical composi- 
tion for the treatment of the respiratory tract following accidental inhalation of gases, dusts or 
fumes. 

15 In a further embodiment the present invention relates to a pharmaceutical composi- 

tion for the treatment of oesophagus. In one embodiment the present invention relates to a 
pharmaceutical composition for the treatment of the distal part of the oesophagus. 

In a further embodiment the present invention relates to a pharmaceutical composi- 
tion for protection against acid secretions from the stomach. 
20 In a further embodiment the present invention relates to a pharmaceutical composi- 

tion for protection against acid secretions from the stomach in reflux oesophagi's. 

In a further embodiment the present invention relates to a pharmaceutical composi- 
tion for protection against acid secretions from the stomach in hiatus hernia. 

In a further embodiment the present invention relates to a pharmaceutical composi- 
25 tion for protection against acid secretions from the stomach in Barrets oesophagus. 

In a further embodiment the present invention relates to a pharmaceutical composi- 
tion for the treatment of the stomach. 

In a further embodiment the present invention relates to a pharmaceutical composi- 
tion for treatment of stress induced gastric ulcers. In one embodiment the stress induced 
30 gastric ulcers is secondary to trauma. In another embodiment the stress induced gastric ul- 
cers is secondary to shock. In a further embodiment the stress induced gastric ulcers is sec- 
ondary to large operations. In a further embodiment the stress induced gastric ulcers is sec- 
ondary to renal diseases. In a further embodiment the stress induced gastric ulcers is sec- 
ondary to lever diseases. In a further embodiment the stress induced gastric ulcers is sec- 
35 ondary to treatment with aspirin, other non-steroidal anti-inflammatory drugs (NSAIDS), ster- 
oids or alcohol. 
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In a further embodiment the present invention relates to a pharmaceutical composi- 
tion for the treatment of patients with catheter. 

In a further embodiment the present invention relates to a pharmaceutical composi- 
tion for the treatment of infections. In one embodiment the infection is a cronic infection of 
5 the bladder. 

In a further embodiment the present invention relates to a pharmaceutical composi- 
tion for the treatment of interstitial cystitis. 

In a further embodiment the present invention relates to a pharmaceutical composi- 
tion for the treatment of papillomas. 
10 In a further embodiment the present invention relates to a pharmaceutical composi- 

tion for the treatment of cancer. 

In a further embodiment of the invention, the TFF2 

In a further embodiment of the invention, the TFF2 

TFF2. 

15 In a further" embodiment of the invention, the TFF2 

In a further embodiment of the invention, the TFF2 
Asn99-TFF2. 

In a further embodiment of the invention, the TFF2 
In a further embodiment of the invention, the TFF2 
20 In a further embodiment of the invention, the TFF2 

TFF2. 

In a further embodiment of the invention, the TFF2 
lated Asn99-TFF2. 

In a further embodiment of the invention, the TFF2 
25 Asn99-TFF2. 

In a further embodiment of the invention, the TFF2 
glycosylated Asn99-TFF2. 

In a further embodiment of the invention, the TFF2 
Lys99-TFF2. 

30 In a further embodiment of the invention, the TFF2 

glycosylated Lys99-TFF2. 



peptide is human TFF2. 
peptide is recombinant human 

peptide is human Asn99-TFF2. 
peptide is recombinant human 

peptide is glycosylated, 
peptide is non-glycosylated. 
peptide is glycosylated Asn99- 

peptide is recombinant glycosy- 

peptide is non-glycosylated 

peptide is recombinant non- 

peptide is non-glycosylated 

peptide is recombinant non- 



TFF2 peptides are typically produced by recombinant DNA techniques such as 
described in Danish patent applications no. 2000/01847 and 2000/01850. To this end, a DNA 
35 sequence encoding the TFF2 peptide may be isolated by preparing a genomic or cDNA library 
and screening for DNA sequences coding for all or part of the peptide by hybridization using 
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et al., J. Gen. Virology 69, 1988, pp. 765-776), the Autographa calif omica polyhedrosis virus 
basic protein promoter (EP 397 485), the baculovirus immediate early gene 1 promoter (US 
5,155,037; US 5,162,222), or the baculovirus 39K delayed-early gene promoter (US 5,155,037; 
US 5,162,222). 

5 Examples of suitable promoters for use in yeast host cells include promoters from 

yeast glycolytic genes (Hitzeman et al M J. Biol. Chem. 255 (1980), 12073 - 12080; Alber and 
Kawasaki, J. Mol. AppI. Gen. 1 (1982), 419 - 434) or alcohol dehydrogenase genes (Young et 
al., in Genetic Engineering of Microorganisms for Chemicals (Hollaender et al, eds.), Plenum 
Press, New York, 1982), or the TPM (US 4,599,31 1) or ADH2^c (Russell et al., Nature 304 

10 (1983), 652 - 654) promoters. 

Examples of suitable promoters for use in filamentous fungus host cells are, for 
instance, the ADH3 promoter (McKnight et al., The EMBO J. 4 (1985), 2093 - 2099) or the tfiiA 
promoter. Examples of other useful promoters are those derived from the gene encoding A 
oryzae TAKA amylase, Rhizomucor miehei aspartic proteinase, A. niger neutral ct-amylase, A. 

15 niger acid stable a-amylase, A. niger or A. awamori glucoamylase (gluA), Rhizomucor miehei 
lipase, A. oryzae alkaline protease, A, oryzae triose phosphate isomerase or A. nidulans 
acetamidase. Preferred are the TAKA-amylase and gluA promoters. Suitable promoters are 
mentioned in, e.g. EP 238 023 and EP 383 779. 

The DNA sequence encoding the TFF2 peptides may also, if necessary, be operably 

20 connected to a suitable terminator, such as the human growth hormone terminator (Palmiter et 
al., Science 222, 1983, pp. 809-814) or the TPM (Alber and Kawasaki, J. Mol. AppI. Gen. 1, 
1982, pp. 419-434) or ADH3 (McKnight et al., The EMBO J. 4, 1985, pp. 2093-2099) 
terminators. The vector may further comprise elements such as polyadenylation signals (e.g. 
from SV40 or the adenovirus 5 Elb region), transcriptional enhancer sequences (e.g. the SV40 

25 enhancer) and translational enhancer sequences (e.g. the ones encoding adenovirus VA 
RNAs). 

The recombinant vector may further comprise a DNA sequence enabling the vector to 
replicate in the host cell in question. An example of such a sequence (when the host cell is a 
mammalian cell) is the SV40 origin of replication. 
30 When the host cell is a yeast cell, suitable sequences enabling the vector to replicate 

are the yeast plasmid 2fi replication genes REP 1-3 and origin of replication. 

The vector may also comprise a selectable marker, e.g. a gene the product of which 
complements a defect in the host cell, such as the gene coding for dihydrofolate reductase 
(DHFR) or the Schizosaccharomyces pombe TPI gene (described by P.R. Russell, Gene 40, 
35 1985, pp. 125-130), or one which confers resistance to a drug, e.g. ampicillin, kanamycin, 
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^xypep M ase signa, pep.de W LA Vabs e, a,., ft, 48. ,987, pp. 887*07). ^ 
6AS1 s«na, pepbde ,C. WO 87/02870). or ,he yeas, asparbc protoase 3 (vL Z 
pep.Kfe(o,. M .EgePMi.aniela...Yeas.6.,g90.p P . 1 27. 13 7 ) . ^ 

20 • — ^ effiCienl SeC,e °°'' ' n yeaSl 3 Se " UenCe cncodin 9 a T PoPlWe may also be 

xtr T :r - si9nai and - - ^ — 

TFF2 pepwe. Tbe funcbon of the leader pepbde is to afcw to. exposed P e P bde to be 
dueled bom toe endoplasmic return to ma Gofgi apparatos and fudhec to a ~ 
ves* or section into toe cubu, medium ,i.e. expodabc* „, toe TFF2 pepbde aZ Z 
ce,, - or a. ,eas, torough toe ce, U ar membnrne into toe peb„asnbc space c. toe ye" 

the teade, pepbde may be a syntoebo leade, pepbde. *** Is to say a teader pepbde ^ 

30 Foruseinmamen.oosft.ng, toe signa, pepbde may convent „ dedvedfroma 

gen. encode an As^^s sp. amytese or gb^amyfcse, a gene encoding a /aJZ 
pase o, prcease or a ^ ftpase . ^ ^ ^ fe ^ 

d-ed from a gena encodtog A o^ae TAKA amytosa. A ns3 ecneu,ra, a-amytose. A n J 
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For use in insect cells, the signal peptide may conveniently be derived from an insect 
gene (cf. WO 90/05783), such as the lepidopteran Manduca sexia adipokinetic hormone 
precursor signal peptide (cf. US 5,023,328). 

The procedures used to ligate the DNA sequences coding for the TFF2 peptide, the 
5 promoter and optionally the terminator and/or secretory signal sequence, respectively, and to 
insert them into suitable vectors containing the information necessary for replication, are well 
known to persons skilled in the art (cf., for instance, Sambrook et al., Molecular Cloning: A 
Laboratory Manual . Cold Spring Harbor, New York, 1989). 

The host cell into which the DNA sequence encoding the TFF2 peptide is introduced 

10 may be any cell, which is capable of producing the posttranslational modified TFF2 peptide and 
includes yeast, fungi and higher eucaryotic cells. 

Examples of suitable mammalian cell lines are the COS (ATCC CRL 1650), BHK 
(ATCC CRL 1632, ATCC CCL 10), CHL (ATCC CCL39) or CHO (ATCC CCL 61) cell lines. 
Methods of transfecting mammalian cells and expressing DNA sequences introduced in the 

15 cells are described in e.g. Kaufman and Sharp, J. Mol. Biol. 159 (1982), 601 - 621; Southern 
and Berg, J. Mol. Appl. Genet. 1 (1982), 327 - 341 ; Loyter et al., Proc. Natl. Acad. Sci. USA 79 
(1982), 422 - 426; Wigler et al., Ce|l 14 (1978), 725; Corsaro and Pearson, Somatic Cell 
Genetics 7 (1981), 603, Graham and van der Eb, Virology 52 (1973), 456; and Neumann et al., 
EMBOJ. 1 (1982), 841-845. 

20 Examples of suitable yeasts cells include cells of Saccharomyces spp. or 

Schizosaccharomyces spp., in particular strains of Saccharomyces cerevisiae or 
Saccharomyces kluyveri. Methods for transforming yeast cells with heterologous DNA and 
producing heterologous polypeptides there from are described, e.g. in US 4,599,311, US 
4,931,373, US 4,870,008, 5,037,743, and US 4,845,075, all of which are hereby incorporated 

25 by reference. Transformed cells are selected by a phenotype determined by a selectable 
marker, commonly drug resistance or the ability to grow in the absence of a particular nutrient, 
e.g. leucine. A preferred vector for use in yeast is the POT1 vector disclosed in US 4,931 ;373. 
The DNA sequence encoding the TFF2 peptide may be preceded by a signal sequence and 
optionally a leader sequence, e.g. as described above. Further examples of suitable yeast cells 

30 are strains of Kluyveromyces, such as K. lactis, Hansenula, e.g. H. polymorpha, or P/cft/a, e.g. 
P. pasioris (cf. Gleeson et al., J. Gen. Microbiol. 132 , 1986, pp. 3459-3465; US 4,882,279). 

Examples of other fungal cells are cells of filamentous fungi, e.g. Aspergillus spp., 
Neurospora spp., Fusarium spp. or Trichoderma spp., in particular strains of A. oryzae, A. 
nidulans or A. niger. The use of Aspergillus spp. for the expression of proteins is described in, 

35 e.g., EP 272 277, EP 238 023, EP 184 438 The transformation of F. oxysporum may, for 
instance, be carried out as described by Malardier et al., 1989, Gene 78: 147-156. The 
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^nsfOBmabon * W*— spp. may be perfonmed ,o, ,ns,ance as descnbed in EP 244 

When a fflamentous ,„ ngus . used „, hos , ^ ., ^ be ^ 
DMA cons^c, of Ihe invention, conveniently by intern, ,be DNA consbocl „ ,he bos 
5 chromosome ,o obtain a recombinan, bos, ce, This in,eg,a«on is general considered ,o be 

lal T ' n, ° ^ 1)6 — • »-n. 

lional melhods. e.g. by homologous o, hetemlogous recombination 

,0 mav b. J"" 0 " * *"* "* ^ Pr ° dUC " 0n " '—*■«• I-*-**- therein 
397,485) al, o, which are ,nc**pora,ed herein by reference. The insect eel, line used as the hos, 

ce to (cf. US 5.077.2,4). Cul,ure conditions may suitably be as described in. for instance WO 
89/01 02g or WO 89/01028, or any of the aforementioned references 
'5 The transformed or bansfeced hos, cell descnbed above is ten cullured in a suitable 

^TT* ^ permi " ins e ~ * me TFF2 pepte ate — * - 

pan the msulbng pepbde may be recovered from the cul,u r e. The medium used * cu,,ure 
me cens may be any convenBcna, medium sufab* ,or growing me hos, cete. such as minima, 
or oomplex media owning appn.pna.0 supplement Suite b,e media ana availabte Z 
20 oommeroa, suppBem or may be spared accoming ,o pob te bed recipes (e.g. ,„ 

Amencan Type Cul.ro CoBecBon). The TFF2 pepBdes produeed by J*. J££ 

cote tan »„ me(l , um by <xrmjgakn 0f ^ pmleinaqueous 

olbT k 3 * • *» exchange cn ro ma,o^phy 

«on chroma,ography. a«y orography, or me ,iKe. dependen, on ft. J 2 
polypeptide in question. w 

in the pharmaceutical composite, of te invenBon, the TFF2 peptides may be 
footed by any of me establish^ methods o, fonmulaBng phannaceufca, Z^Te g 

30 - * f^niJ*^^ 19 85. The composiBon may ^i a 

7 "7 '° r SVStemlC **- " - ™». - sue*, be fomiulated s,l wa,er 

« an *o,ontc s*e or gluc.se soMon. The composite* may be s te *ed by convemiona, 
aenBzaBon .echoes. **, are „e„ ^ „ , he 3 , ^ ' 
be packaged ,or use or fi „e,ed under asept* condiBons and ^ phfeed . „ ^ 

35 prepare „n being combined W im ,he s,eh te agueous so,u*,n pho, ,o admin^ t 
composibon may corKain phannaoeuBoa,, a rapteW e auxflia^ subs^nces as mguBed ,o 
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approximate physiological conditions, such as buffering agents, tonicity adjusting agents and 
the like, for instance sodium acetate, sodium lactate, sodium chloride, potassium chloride, 
calcium chloride, etc. 

The pharmaceutical composition of the present invention may also be adapted for 
5 nasal, transdermal or rectal administration. The pharmaceutical^ acceptable carrier or diluent 
employed in the composition may be any conventional solid carrier. Examples of solid carriers 
are lactose, terra alba, sucrose, talc, gelatin, agar, pectin, acacia, magnesium stearate and 
stearic add. Similarly, the carrier or diluent may include any sustained release material known 
in the art, such as glyceryl monostearate or glyceryl distearate, alone or mixed with a wax. The 

1 0 amount of solid carrier will vary widely but will usually be from about 25 mg to about 1 g. 

The concentration of the TFF2 peptides in the composition may vary widely, i.e. from 
from about 5% to about 100% by weight. A typical concentration is in the range of 50-100% by 
weight. A unit dosage of the composition may contain from about 1 mg to about 200 mg, 
typically from about 25 mg to about 75 mg, such as about 50 mg, of the peptide. 

15 The term "a therapheutically effective amount" is the effective dose to be deter- 

mined by a qualified practitioner, who may titrate dosages to achieve the desired response. 
Factors for consideration of dose will include potency, bioavailability, desired pharmacoki- 
netic/pharmacodynamic profiles, condition of treatment (e.g. trauma, ulcerative colitis, gastric 
ulcers), patient-related factors (e.g. weight, health, age, etc.), presence of co-administered 

20 medications, time of administration, or other factors known to a medical practitioner. The 
dosage of a TFF2 peptide administered to a patient will vary with the type and severity of the 
condition to be treated, but is generally in the range of 0.1-1 .0 mg/kg body weight. 

The term "subject" as used herein is intended to mean any animal, in particular mam- 
mals, such as humans, and may, where appropriate, be used interchangeably with the term 

25 "patient". 



BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is described in further detail in the examples with reference to 
the appended drawings wherein 

Figure 1. The structure of human Lys99-TFF2. Disulphide bonds between Cys6-Cys104, 
Cys8-Cys35, Cys19-Cys34, Cys29-Cys46, Cys58-Cys84, Cys68-Cys83, Cys78-Cys95 are 
schematically represented. 
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Figure 2. stress versus shear rate of mucin solution atone. 2 m, of ,0% (w/v) mudn I dls- 
solved ,„ 0.05% ,„ M sodiamazide was added 0.4 m, o, water. After 30 rain a, 20Oc ,he 
shear stress was measured as function ofshear rate using the software prog ra mme: -con- 
stant rate • Approximation to power law 

5 

Figure 3. Stress versus shear rate of mucirvTFF2 get-like matehat. 2 nr. of ,0% <w/v) mucin , 
drssofced ,„ 006% (wMsoaumazidewasadded 0.4 mto, water containing ,4, ra g 9 Z 
syteted TFF2. After 30 n* a, 2 0 o C the shear stress was measured as function o, shear rate 
10 ^^™™^™»-*^W a y. 0-O : VW 

STTi 7™ 01 s ° lu "° n <al and mucWTFF2 9ewite ™ te ™ 

(b). 2 ml of 10% („/v, mucin I dissolved in 0.05% (w/v, sodiumazide was added 0 4 m, of 

15 rstooso'd!,, 0 ' 4 *" COntaini " 9 "' 1 ^ "'^ TFF2 (b >- A '<" 30 «* « 20OC 
a s,noso,da lh , varyrng stress was applied and me strain response was detected a, different 

frequencies. The conrptex viscosity ,„•) c-h, „,„ ebsllc mMls ^ ^ ^ ^ ^ 

Z rr <G "' °~° "~ Ca ' COla,ed ^ PMM 35 3 - «— Muencres 

Note the differences in Y-axis unit. M^encies. 



20 



25 



F-gure S^Viscosity versus shear rate of mucin solution added increasing amount of glycosv 

tp 2. 2 ml of 1 00/o m mucjn , ^ jn q os% sQdj J zjde Vcos 

- of water containing 0.88 mg. 1.76 mg, 3.53 mg 7.05 mg and 14, mg g, yC os,a,ed TFF2 
respectively.. After 30 min at 20 o C the viscosity was measured as function of shear rate us- 

-ng the software programme: "constant rate". o-q 0.88 mg; V— v : 1.76 mg; A A : 

3.53 mg; 0 0 : 7.05 mg and ■ ■; UA mg. 



2 



30 



Figure 6. Viscosity versus shear rate of three different mucins added glycosylated TFF2 
m. 10o/ 0 (w/v, mucin , „ and I, respective, dissolved in 0.0S % sodiuLj^aZ' 
7-05 mg glycosylated TFF2 dissdved in water. After 30 min at 20 o C the viscosity was meas- 
ured as function of shear rate using the software programme: "constant rate". □ — □ Mucin 
I; A A Mucin II; 0 o Mucin III. 
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Figure 7. Viscosity versus shear rate at three different conditions. Experimental conditions as 
in figure 6 except that Mucin I and the TFF2 peptide was dissolved in three different sol- 
vents: A A 0.01 N HCI; □ □ water; 0 0 50 mM sodiumphosphate buffer 0.1 M NaCI, 

pH = 7.4. 

5 

Figure 8. The effect of luminal Asn99-TFF2 in experimental colitis in rats was scored by 
means of a histologic colitis score (Williams KL. et al. Gastroenterology 2001;120:925-37). 

Figure 9. The effect of luminal Asn99-TFF2 in experimental colitis in rats. A significant effect 
10 on the overall colitis score is demonstrated in this figure. 

Figure 10. The effect of luminal Asn99-TFF2 in experimental colitis in rats. The effect was 
predominantly in the midsection of the colon close to the site where the Asn99-TFF2 had 
been introduced into the colonic lumen. 

15 

The present invention is further illustrated by the following examples which, however, 
are not to be construed as limiting the scope of protection. The features disclosed in the fore- 
going description and in the following examples may, both separately and in any combination 
thereof, be material for realizing the invention in diverse forms thereof. 

20 

EXAMPLES 
Example 1 

Construction of a yeast expression system for LYS99-TFF2. 

A Saccharomyces cerevisae expression system expressing a mutant hSP with an Asn 
25 at position 99 of the mature protein (hSP-Asngg) has been described previously (Thim, L, 
1993, FEBS Letters 318: 345-352). 

The yeast plasmid called pKFN-1847 (Thim et al., FEBS Letters, 1993, 318: 345-352) 
contains an expression cassette comprising an EcoRI -Xba\ DNA fragment inserted into the 
plasmid between the transcription-promoter (located on a Sa/I - EcoRI fragment) and the 
30 transcription-terminator of the Saccharomyces cerevisiae TPI1 gene. 

In plasmid pKFN-1847 the EcoRI -Xba\ fragment encodes a fusion protein composed 
of a leader sequence, a Lys-Arg cleavage site for the dibasic processing endopeptidase 
KEX2, and hSP-Asn 99 . In order to construct a plasmid encoding Lys99-TFF2, the following 
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steps were performed using standard molecular biology techniques (e.g. Sambrook J 

Latt; E 'V nd ManiatiS ' T ' M0 ' eCUlar C, ° ning: A ,ab ° ra,0ry ManUa »- Co,d S ™ Harbour 
Laboratory Press. New York, 1989). 

P.T ^ amP " fied "* PCR ^ PlaS ™ d PKFN -' 847 «* oligonu- 
^ <5 '" CTA m ACG - 3 '' " E W < 5 ™ TCTTAG TTT 

™ ATC GCA G ^ TCT CAC AGA CTT CGG GAA GAA GC -3') EA-ECO 
corresponds ,o a sequence iocated 1,4 bp ups„eam from ,he EcoR, site of ,he EcoR, - 
DNA ftagmen, conteining ,he exprassic cassefte. E147 has been designed ,o *bc- 

o hSP I'" 9 7, mUla "° n ^ ^ ° NA Asa. 
,0 L>S "' Afte ' "'^ «* «*» « **» 'ha DNA segueuce encoding 

.r! 9 n^r re ' erre<f 10 " LyS "" TFF2 ' *" * *«' " 3 &aR '-^ * 

15 Paad 1 ^l e ^'" Xta ' PCR ' ra9menlc<> ' ,lai *9»'^NAsa que „caancodiag lll a 

^ M 7 T S,0n Pr0,e ' n " 9a,ed '° ^ ^ " &0RI ° NA *~< PMTT42 
(Ege,-M„an, a, a,.. Gana. 1988. 73: ,13-120) combining ft* TP,, promoter from S cL 

»aa and ,he Apa, - vector fragmen, o, P MT742. rasping ,„ p ,asmid pEA3,4 Tha 

plasrrad pMT742 has a similar organizalion as pKFN-1847 

20 and J2! 7°**" PlaSroi ° Pr0Pa9a,ed E "* 9ro ™" h Presei « - 

and so te ed „s,ng stondard techniques (SambrooK e, a,.. ,989). Tha piasmid DNA was 

checked tor insert by appropha,a rasldolion nucleases {e.g. EcoRI. Afco,. Ap al . Xbal, and 

w^shown by sequence analysis ,o contein ,he proper DNA sequence encoding Lys99- 

The piasmid pEA3,4 was transformed in,o S. cerews,ee strain MT663. Yeas, ,rans- 

TZ,T"T plasm,d PEA314 — setected by 8tosa « " as «-» — 

on VPD „ % yeas, axlrad, 2% pep,ona. 2% glucose, agar ,2%, ph.es. One .ransforman, 
yEA314, was selected for fermentation. 

30 1' r ,' ™ ^ Gene ' ICS ^ M ° teCU,ar *—* '991, 

30 -a „na, OD TO of approximately ,5-20. After cenftitogafton ,he cei, pa»e, was discarded 

and the supernalant was used for further characlerizalion o, Lys99-TFF2. 
S. cerews/ae strain MT663 <M4Tart«7 B pep4-3/pep.,-3 HISVhM 

1TTT EU2 C '° WaS " ** ** ,OT Sftain MT663 was depos- 

35 r 0 „tdt" mm "^^ 
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Example 2 

Purification of LYS99-TFF2 

Yeast fermentation supernatant from yEA314 was concentrated from 2.5 ml to 
0.25ml using a Centricon® YM-3 3000 centrifugal filter device with the method described by 
5 the manufacturer (Millipore Corporation). The concentrated sample (0.25ml) was injected 
onto a Vydac 214TP54 reverse-phase C4 HPLC column (0.46 x 25 cm) equilibrated at 25 °C 
at a flow rate of 1.0 ml/min with 0.1% (v/v) Trifluoroacetic acid in 10% (v/v) acetonitrile. After 
isocratic elution in 10 min the concentration of acetonitrile in the eluting solvent was raised to 
60% (v/v) over 25 minutes. Absorbance was measured at 214 nm. The peaks eluting at 
10 27.254 min. and 28.038 min. was found by mass spectrometry analysis to represent glycosy- 
lated human Lys99-TFF2 and non-glycosylated human Lys99-TFF2, respectively. 

Example 3 

Rheological properties of TFF2 peptides 

Three types of mucins were investigated. Mucin I: Crude mucin, type II from porcine 
15 stomach (Sigma, St. Louis, MO. USA). Mucin II: Partially purified mucin, type III from porcine 
stomach (Sigma, St. Louis, MO, USA). Mucin III: mucin, type l-S from bovine submaxillary 
glands (Sigma, St. Louis, MO, USA). TFF2 only exist in a dimer form (Fig.1). Recombinant 
human Asn99-TFF2 in both glycosylated and the non-glycosylated forms were prepared in a 
yeast expression system as previously described (Thim, L. et al. (1993) FEBS Lett. 318, 
20 345-352). 

Mucin solutions. A 10% (w/v) solution of mucin I was prepared and different trefoil 
peptides were dissolved in water and added to the mucin solution. After mixing the sample 
(Vortex mixer), the sample was allowed to stand for 5 min. and the viscosity was visually as- 
sessed in relation to a control solution of mucin added water without TFF2. The detailed ex- 

25 perimental conditions for the rheometer measurement are given in the figure legends. 

Rheological measurements. Rheological properties were measured by the use of 
a rotational Reologica Rheometer (Reologica Instriments AB, Lund, Sweden). The instru- 
ment is equipped with a stainless steel C40 4 cone-plate (40 mm diameter plate with an an- 
gle of 4 degree) requiring a sample volume of at least 1.2 ml. The instrument was operated 

30 using instrument standard software (Version 3.6) allowing several different types of meas- 
urements. In the present study we have used the measuring programs: Constant Rate (vis- 
cosity and stress as a function of shear rate), Oscillation (complex viscosity, elastic modulus 
and viscous modulus at different frequencies) and Oscillation Stress Sweep (to identify the 
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15 



stress range inside which the measurement results are linear i.e. independent of the applied 
stress). 

A visual assessment of the change in properties that could be observed when dif- 
ferent TFF2 peptides was added to mucin solutions was made (Table 1). In some experi- 
5 ments the effect was astonishing. The addition of TFF2 peptides to mucin solutions resulted 
in thick gel-like substance that did hardly leave the test-tube even if the tube was turned bot- 
tom up. 

Mucin solutions and mucin/TFF2 gel-like substances. Mucin solutions to which a TFF2 
peptide was added was compared. As can be seen from fig.2 the mucin solution alone be- 
1 0 haves as a non-Newtonian liquid. These liquids can be described by the Ostwald de Waele 
model (power law) (Barnes.RA. (1989) An introduction to rheology. Elsevier and Ferguson, 
J. and Kemblowski. Z. (1991 ) Applied fluid rheology. Elsevier) : 
5 = k(y)n, 

where 5 = shear stress, y = shear rate and n and k are constants specific for the 
solution (if n = 1 the solution is Newtonian). In the present case the following values could be 
calculated from fig.2: n = 0.75 and k = 0.35. 

Since n<1 the solution is called shear-tinning, which is the characteristics of dispen- 
sions with asymmetric particles or emulsions. However, since the n value is close to 1 the 
solution is not far from being Newtonian. As can also be seen from fig. 2 the viscosity varies 
20 from 0.34 Pa sat low shear rates to 0.12 Pa sat high shear rates. 

Fig. 3 shows the stress versus shear rate measurement of the mucin/TFF2 solution. 
As compared to the mucin solution alone (Fig. 2) a rather dramatically change occurred by 
the addition of the TFF2 peptide. The viscosity increased from 0.12 - 0.35 Pa s (Fig. 2) to 2.2 
- 3.7 Pa s (Fig. 3) i.e. more than a factor 10 and the shear stress increased e.g. from 1 .8 to 
25 29 Pa at a shear rate of 9 s* 1 . 

As could also be visually observed the mucin/TFF2 forms a gel-like structure and 
thus behaves like a viscoelastic material. 

In order to characterise the mucin/TFF2 gel-like structure, the technique of oscilla- 
tory measurement in which the gel-like material are subjected to a sinusoidally varying stress 
30 was applied and the strain response was measured. Before this measurement was carried 
out we used an oscillation stress sweep programme to define the so-called linear viscoelas- 
tic region. Inside this region no change of the mucin/TFF2 structure occurs and the relation 
between the applied stress and the measured quantities is linear. The oscillation sweep test 
showed that an applied stress corresponding to 0.1 Pa was suitable for the mucin/TFF2 gel- 
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like material and the subsequent oscillatory measurement was therefore carried out using 
this value and a frequency interval from 0.01 to 5 Hz. 

Fig. 4 shows the result from the oscillatory measurement of the mucin solution 
alone (Fig. 4a) and the mucin/TFF2 gel-like material (Fig. 4b). This type of experiments allow 
5 the estimation of several rheological parameters as a function of frequency: complex viscos- 
ity if, elastic modulus G' and viscous modulus G" G" (for detailed rheological theory see 
Barnes, H.A. (1989) An introduction to rheology. Elsevier and Ferguson, J. and Kemblowski, 
Z. (1991) Applied fluid rheology. Elsevier) 

A comparison of the absolute values of the elastic and viscous moduli of the mucin 
10 solution and the mucin/TFF2 gel-like material is given in table 2. As can be seen from these 
results both the elastic modulus and the viscous modulus are dramatically increased in the 
mucin/TFF2 gel-like structure as compared to the mucin solution. 

TFF2 peptide concentration. In order to form the highly viscous mucin/TFF2 gel- 
like structure a certain amount of TFF2 peptide is needed. Figure 5 shows an experiment in 
1 5 which increasing amount of TFF2 peptide was added to 2 ml of a 1 0% (w/v) mucin I solution. 
By the addition of the 0.88 mg, 1 .76 mg and 3.53 mg glycosylated TFF2, respectively no ma- 
jor change in the viscosity was seen. However the addition of 7.05 mg (or 14.1 mg) of the 
TFF2 peptide resulted in the mucin/TFF2 gel-like structure to be formed (Fig.5). So in this 
experimental set up the critical TFF2 peptide amount is between 3.53 and 7.05 mg per 2 ml 
20 10% mucin solution. This corresponds to a ration of TFF2 peptide to mucin of 1 .8-3.6% 
(w/w). 

Mucin type and concentration. A fixed amount of TFF2 peptide (7.05 mg glycosy- 
lated TFF2) was added to 2 ml X% (w/v) mucin I solution in the experimental set up de- 
scribed in the legend to figure 5. The X% was varied from 6%, 8%, 10%, 12% and 14% 

25 (w/v). No mucin/TFF2 gel-like structure was formed with the 6% and 8% mucin solution, but 
a fibre-like precipitate surrounded by liquid mucin solution was formed. Using the 10%, 12% 
and 14% mucin solution the mucin/TFF2 gel-like structure (Fig. 3 and 4) was formed. 

Figure 6 shows the result obtained with 3 different mucin types. Both mucin type I 
and II formed the mucinfiTF2 gel-like structure. Mucin I and II are both from porcine stom- 

30 ach. Mucin III is from bovine submaxillary gland. 

pH dependence. Figure 7 shows the formation of the mucin/TFF2 gel-like structure 
at three different conditions. The most viscous gel is formed in 0.01 N HCI . At high shear 
rates the structure formed in water and in 0.01 N HCI has nearly identical viscosity both be- 
ing more viscous that the gel-like material formed at neutral pH. 

35 Glycosylation of the TFF2 peptide. Both Lys99-TFF2 and Asn99-TFF2 were pre- 

pared in a glycosylated and non-glycosylated form. These four TFF2 peptides were com- 
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pared in a system similar to the one described in the legend to figure 5 (2 ml of 10% (w/v) 
mucin I dissolved in 0.05% (w/v) sodiumazide was added 0.4 ml of water containing 7.05 mg 
of the TFF2 peptide in question). All four TFF2 peptides were able to form highly viscous 
mucin/TFF2 gel-like structures. However the two glycosylated forms seem to generate a 
more viscous mucin/TFF2gel-like structure that the non-glycosylated forms but there was no 
difference between the glycosylated Lys99-TFF2 and the glycosylated Asn99-TFF2. For ex- 
ample in a system where the glycosylated Asn99-TFF2 had a viscosity of 0.8 Pa s the corre- 
sponding non-glycosylated Asn99-TFF2 only had a viscosity of 0.54 Pa s. 



1 0 Table 1 : Visual assessment of viscosity 



Mucin I solution 


TFF2 peptide 


Amount TFF2 
added 


Viscosity increase 


1 ml 10%(w/w) 


Lys99-TFF2 


10mg in 200jd 


+++++ 


1 ml 10%(w/w) 


Asn99-TFF2 


7.5 mg in 200^1 


+++++ 


1 ml 10%(w/w) 


Glycosylated Asn99- 
TFF2 


7.1 mg in 200^1 


+++++ 



Table 2: Elastic and viscous modules of mucin solution as compared to the 



mucin so- 



Frequency 


C 


L01 Hz 


0.1 Hz 


1 Hz 


Material 


Mucin 


Mucin/TFF2 


Mucin 


Mucin/TFF2 


Mucin 


Mucine7TFF2 


Elastic mod- 
ules G' (Pa) 


0.08 


0.8 


0.27 


4.7 


1.4 


17 


Viscous 
modulus 6" 
(Pa) 


0.25 


1.8 


0.55 


5.9 


2.2 


15 



15 



Example 4 



20 



The effect of luminal Asn99-TFF2 in experimental colitis in rats 
Methods: 
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16 female wistar rats weighing 200 g were used in the study. The effect of luminal 
Asn99-TFF2 was investigated in a rat model of colitis - the dextran induced colitis model 
(Mottet NK. Gastroenterology 1972;62:1269-71). Asn99-TFF2 was administrated directly into 
the proximal part of the colon by means of a soft polyethylene tube, which in anaesthezised 
5 rats at a laparotomy was inserted into the colonic lumen, secured by 6-0 silk sutures and 
lead subcutaneously to the neck region of the rat. After this operation the rats had a recov- 
ery period of 6 days. 

In the 16 rats colitis was induced by means of dextran sulphate sodium 5% adminis- 
tered in the drinking water. Eight of the rats were given Asn99-TFF2, 5 mg/kg in 0,5 ml H 2 0 
10 into the colonic tube, two times each day from the day before the initiation of dextran sup- 
plementation till day 9, where the rats were sacrificed. The 8 controls recieved NaCI. 

The rats were sacrificed by means of an overdose of barbiturate. The colon was 
fixed by intraluminal injection of 10% formalin, and after 10 minutes opened and suspended 
on a polyethylene plate. After further 24 hours fixation the specimens were flushed with wa- 
15 ter and surface stained with 0,3% Alcian Green 3BX. The colonic specimens were investi- 
gated by means of a Wild Photomacroscope - the extent of disease and the number of 
ulcerations were quantitated. 

For histologic analysis specimens were taken out (in a blinded way) from the proxi- 
mal, middle and distal colon and embedded in paraffin. Histologic sections of 5 pm were 
20 stained with PAS-hematoxylin-aurentia. The severety of colitis was scored by means of a 
histologic colitis score (Fig. 8, Williams KL. et al. Gastroenterology 2001;120:925-37). 

Results: Intraluminal treatment with Asn99-TFF2 had a significant effect on the 
overall colitis score ( 1,8 v.s.2,3; p<0,05, Fig. 9). The effect was predominantly in the mid- 
section of the colon close to the site where the Asn99-TFF2 had been introduced into the 
25 colonic lumen ( 1,0 vs 1,8; p< 0,05, Fig. 10). 

Conclusion: Intraluminal treatment with Asn99-TFF2 reduces the severity of dex- 
tran induced colitis in the rat. 

30 
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CLAIMS 



1 • A pharmaceutical composition for increasing the viscosity of mucus layers in mammals 
the composition comprising a TFF2 peptide or a pharmaceutical^ acceptable salt thereof 
5 with the proviso that the TFF2 peptide is not glycosylated Lys99-TFF2. 



2. The pharmaceutical composition according to claim 1, wherein the 



mammal is human. 



3. The pharmaceutical composition according to any one of claims 1-2 for local and luminal 
10 application. 



4. The pharmaceutical composition according to any one of claims 1-2 for parenteral admini- 
stration. 



15 5. The pharmaceutical composition according to any one of claims 1-2 for oral administra- 
tion. 



6. The pharmaceutical composition according to any one of claims 1-5, wherein the TFF2 
peptide is recombinant human TFF2. 



20 



7. The pharmaceutical composition according to claim 6, wherein the human TFF2 peptide is 
glycosylated. 

8. The pharmaceutical composition according to any one of claims 1-7, wherein the compo- 
25 sition further comprises a mucin glycoprotein preparation. 

9. The pharmaceutical composition according to any one of claims 1-8, for the treatment of 
oral mucosa. 

30 10. The pharmaceutical composition according to claim 9. for the treatment of patients with 
reduced secretion of saliva. 

11. The pharmaceutical composition according to claim 10, wherein the reduced secretion of 
sahva is caused by irradiation therapy, treatment with anticholinergics or Sjogrens syndrome. 
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12. The pharmaceutical composition according to any one of claims 1-8, for the treatment of 
the respiratory passages. 

13. The pharmaceutical composition according to claim 12, for increasing the viscosity of 
5 nasal secretions in rhinorrhoea in common cold or allergic rhinitis. 

14. The pharmaceutical composition according to claim 13, for the treatment of the respira- 
tory tract following accidental inhalation of irritants, gases, dusts or fumes. 

10 15. The pharmaceutical composition according to any one of claims 1-8, for the treatment of 
the distal part of the oesophagus. 

16. The pharmaceutical composition according to claim 15, for protection against acid secre- 
tions from the stomach in reflux oesophagi's, hiatus hernia or Barrets oesophagus. 

15 

17. The pharmaceutical composition according to any one of claims 1-8, for the treatment of 
the stomach. 

18. The pharmaceutical composition according to claim 17, for treatment of stress induced 
20 gastric ulcers secondary to trauma, shock, large operations, renal or lever diseases, or 

treatment with aspirin, other NSAIDS, steroids or alcohol. 

19. The pharmaceutical composition according to any one of claims 1-8, for the treatment of 
diarrhoea. 

25 

20. The pharmaceutical composition according to any one of claims 1-8, for the treatment of 
the small intestinal or colonic mucosa in Crohns disease, ulcerative colitis or irritable bowel 
syndrome. 

30 21 . The pharmaceutical composition according to any one of claims 1-8, for the treatment of 
the eye. 

22. The pharmaceutical composition according to claim 21, for increasing the viscosity of 
lacrimal fluid in patients with keratoconjunctivitis sicca/Sjogren's syndrome or dry eyes. 

35 
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23. The pharmaceutical composition according to any one of claims 21-22, wherein the 
pharmaceutical composition is in eye droplets. 

24. The pharmaceutical composition according to any one of claims 1-8. for the treatment of 
5 the knee joints. 

25. The pharmaceutical composition according to claim 24. for increasing the viscosity of the 
synovial fluid in osteoarthritis and following joint replacement. 

10 26. The pharmaceutical composition according to any one of daims 1-8. for the treatment of 
chronic bladder infections, patients with catheter, interstitial cystitis, papillomas or cancer of 
the bladder. 

27. Use of a TFF2 peptide for the preparation of a medicament for increasing the viscosity of 
15 mucus layers in mammals; with the proviso that the TFF2 peptide is not glycosylated Lys99- 



28. Use of a TFF2 peptide for the preparation of a medicament for increasing the viscosity of 
20 mucus layers in mammals, wherein the medicament is according to any one of the claims 1- 
26. 



29. Use according to any one of the claims 27-28. wherein the mammal is human. 

25 30. A method for in vivo increase in viscosity of mucus layers in a subject, said method com- 
prising administering to the subject a composition comprising 

a) a pharmaceutically acceptable carrier or diluent, 

b) a therapeutically effective amount of a TFF2 peptide; with the proviso that the TFF2 
30 peptide is not glycosylated Lys99-TFF2, 

and optionally 

c) a mucin glycoprotein preparation. 



35 



31. The method according to claim 30. wherein the administration is local and luminal. 

32. The method according to claim 30. wherein the administration is parenteral. 
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33. The method according to any one of the claims 30-32, wherein the TFF2 peptide is re- 
combinant human TFF2. 

5 34. The method according to claim 33, wherein the TFF2 peptide is glycosylated. 

35. The method according to any one of the claims 30-34, wherein the mucin viscosity levels 
are associated with a disease state in the oral mucosa. 

10 36. The method according to claim 35, wherein the disease state is a reduced secretion of 
saliva. 

37. The method according to claim 36, wherein the reduced secretion of saliva is caused by 
irradiation therapy, treatment with anticholinergics or Sjogrens syndrome. 

15 

38. The method according to any one of the claims 30-34, wherein the mucin viscosity levels 
are associated with a disease state in the respiratory passages. 

39. The method according to claim 38, wherein the disease state is nasal secretions in rhh 
20 norrhoea in common cold or allergic rhinitis. 

40. The method according to claim 38, wherein the disease state is accidental inhalation of 
irritants, gases, dusts or fumes. 

25 41. The method according to any one of the claims 30-34, wherein the mucin viscosity levels 
are associated with a disease state in the distal part of the oesophagus. 

42. The method according to claim 41, wherein the disease state is acid secretions from the 
stomach in reflux oesophagi's, hiatus hernia or Barrets oesophagus. 

30 

43. The method according to any one of the claims 30-34, wherein the mucin viscosity levels 
are associated with a disease state in the stomach. 

44. The method according to claim 43, wherein the disease state is stress induced gastric 
35 ulcers secondary to trauma, shock, large operations, renal or lever diseases, or treatment 

with aspirin, other NSAIDS, steroids or alcohol. 
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45. The method according to any one of the claims 30-34, wherein the disease state is diar- 
rhoea. 

5 46. The method according to any one of the claims 30-34, wherein the mucin viscosity levels 
are associated with a disease state in the small intestine or colon. 

47. The method according to claim 46, wherein the disease state is Crohns disease, ulcera- 
tive colitis or irritable bowel syndrome. 

10 

48. The method according to any one of the claims 30-34, wherein the mucin viscosity levels 
are associated with a disease state in the eye. 

49. The method according to claim 48. wherein the disease state is keratoconjunctivitis 
1 5 sicca/Sjogren's syndrome or dry eyes. 

50. The method according to any one of the claims 30-34, wherein the mucin viscosity levels 
are associated with a disease state in the knee joints. 

20 51. The method according to claim 50. wherein the disease state is increased viscosity of 
the synovial fluid in osteoarthritis or following joint replacement. 

52. The method according to any one of the claims 30-34. wherein the disease state is 
chronic bladder infections, patients with catheter, interstitial cystitis, papillomas or cancer of 
the bladder. 
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Fig. 1 
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(57) Abstract: The present invention relates to the use of trefoil factor 2 (TFF2) peptides and a pharmaceutical composition compris- 
Q ing T1T2 peptides for increasing the viscosity of mucin in mucus layers and the repair of damaged mucus layers in the gastrointestinal 
^ tract (mouth, oesophagus, stomach, small and large intestine, colon ) the respiratory passages, the eye, the urinary system (including 
^ the bladder) and the cervix uteri. 
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Claims Nos.: claims 1-18, 20-25, 27-41, 43-44, 46,48, 50-51 (all 
partially) 



Claims 1-18, 20-25, 27-41, 43-44, 46,48, 50-51 relate to the use of TFF2 
(spasmolytic protein) for treating diseases which are actually not well 
defined ( "patients with reduced secretion of saliva", "the treatment of 
respiratory passages/tract...", "increasing the viscosity of nasal 
secretions", "treatment of the distal part of the esophagus", "protection 
against acid secretion...", "treatment of the stomach", "stress induced 
gastric ulcers secondary...", "treatment of the small intestinal or 
colonic mucosa...", "treatment of the eye", "increasing the lacrimal 
fluid in patients...", "treatment of knee joints", "cancer", "shock", 
"large operations", "renal or liver disease", and "increasing viscosity 
of the synovial fluid in osteoarthritis". The claims thus cover a rather 
large number of diseases, whereas the application provides support within 
the meaning of Article 6 PCT and/or disclosure within the meaning of 
Article 5 PCT for only a very limited number of diseases. In the present 
case, the claims so lack support, and the application so lacks 
disclosure, that a meaningful search over the whole of the claimed scope 
is impossible. Independent of the above reasoning, the claims also lack 
clarity (Article 6 PCT) because the said expressions are vague and 
unclear. Consequently, the search has been carried out for those parts of 
the claims which appear to be clear, supported and disclosed, namely 
those parts relating to the use of TFF2 for the therapy of stress-induced 
gastric ulcers, diarrhoea, chronic bladder infections, allergic rhinitis, 
interstitial cystitis, papillomas, keratoconjunctivitis, Sjogren's 
syndrome, dry eyes, Crohn's disease, ulcerative colitis, hiatus hernia, 
barrets oesophagus, or irritable bowel syndrome; and with due respect to 
the geneal concept of the invention. 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EP0 policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure. 
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